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(54) Color ink-jet recording ink set, ink-jet recording method, recording unit, Ink-cartridge, Ink-let 
recording apparatus and bleeding reduction method 

(57) A set of color Ink-Jet recording inks for record- 
ing a color image on a recording medium by using at 
least a black Ink and a cotor ink, vk^erein the black ink 
has a cationic self-dispersible carbon black and the 
color ink has an anionic dye and an anionic substance. 
This Ink set can achieve a high printing density and 
good printing grade without bleeding between black 
image and color image. It has a high reliabinty as an ink- 
Jet ink. 
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Description 

BACKGROUND OF THE INVENTION 



5 Raid of the Invention 

[0001 1 The present invention relates to a color ink-jet recording ink set, ink-jet recording method, recording unit, Ink- 
cartridge, ink-jet recording apparatus and bleeding reduction method, to obtain color images of high density, grade, 
sharpness and quality by the ink-jet recording even on plain paper. 

10 

Related Background Art 



[0002] Heretofore, In order to form a black image which is excellent In printing density, printing grade, waterproof, 
and lightfastness on plain paper by the ink-jet recording system. There has been proposed use of black pigment ink. 

IS BesMes, there have been proposed an ink set which would not cause t>leedtng at the boundary between an image 
printed with black ink and an image printed with color ink, as well as the Ink-jet recording method or apparatus using It. 
In Japanese Patent AppPtcation l^dOpen No. 7-145336, for example, there Is described an ink set in which at least 
one Ink is a polymer-containing anionk: Ink, and the bleeding is reduced by the mutual contact of the anionic ink with a 
catlonic Ink on a multfcolor print element In Japanese Patent Applcation Lald-Open No. 1 0-1 B3046. there is described 

20 an ink set capable of reducing bleeding by combination use of a black ink containing a carbon-black pigment having a 
catlonic group on its surface as a coloring material, and a color ink containing an anionk: dye as the color material. 
[0003] However, In the method as described in Japanese Patent Application Laid-Open No. 7-145336, where 
bleeding In multtoolor printing is suppressed by mutual contact between an anionk: ink and a catlonic ink in the pres- 
ence of a polymer, the polymer may adversely affect the ink reDabiltty depending on the polymer type. This poor relia- 

25 blllty means, If there Is a certain time Interval, one minutes, for example, between the Ink ejection performance from a 
nozzle In recording, it may happen that the next Ink droplet cannot be ejected steadily, causing disturbed printing (such 
a phenomenon is called "poor ejectability"). 

[0004] Besides, the method described In the above Japanese Patent Appricatbn Laid-Open No. 1 0-1 83046 uses a 
combination of a black ink using catronte carbon black and a color ink using an anionk: dye, and the aggregates formed 

50 between the coloring materials suppress bleeding. However, with the Ink-Jet inks of which cok>ring material concentra- 
tions am not so high as to cause sufficient aggregation, there may happen, espedaWy on the recording medium of high 
pemieabllity such as nomial paper, bleeding between black and color images, or a phenomenon called "haze" in the 
black Image. Here, haze, a whitish black region which should be solid black, is caused as the black ink is drewn deep 
Into the recording medium by the action of highly penetrable color ink in the boundary region between a color image 

3S and a black image, when image black ink and color Ink are applied in the same scan. 



SUMIMARY OF THE INVENTION 



[0005] The inventors of the present invention have been studying the black Ink containing setf-dispersible carbon 
40 black as the coloring material, as a black ink which can give black Images of high grade and has a stable ink composi- 
tion. The present inventors have studied the use of this black Ink in muttlcotor image formation, and found out that tiie 
excellent properties of ttiis black ink can gh^e high grade multicolor Image. To achieve a still higher grade of multicolor 
Image, however, it has been found that bleeding control in the boundary region between the black image and the color 
image is necessary. At present, there is no sufficient technk:al knowledge for the use of black Ink containing self-ds- 
45 perslble carbon black as tite color material for the formation of multicolor images, and decishre technique for bleeding 
prevention has not yet been found. 

[0006] TTie present inventton was made with such a background, and one object of the present invention is to pro- 
vide an ink set for color Ink-jet recording, which can sufficlentiy suppress bleeding in the boundary region between ttie 
black Ink and ttie cotor Ink when used for a color Image fomiation, and has reliability as an ink-jet recording Ink. 
so [0007] Another object of tiie present Invention is to provide an ink-jet recording method capable of fonning a color 
image high in Image density and excellent In grade. 

[0008] Still another object of the present Invention is to provide an Ink-jet recording apparatus capable of fonming a 
high grade color Image, an Ink cartridge, and a recording unit 

[0009] Still another object Is to provide a mett)od for steadily and sufftolentty alleviating bleeding in the boundary 
55 region between the black ink-jet Image and the color ink-jet image. 

[001 0] According to one aspect of ttie present invention, there Is provided an ink set for color ink-jet recording com- 
prising a black Ink and a color ink, wherein the black ink conrtprises a cationic self-dispersible cart>on black, and the color 
ink comprises an anionic dye and an anionk: substance. 
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[001 1 1 According to another aspect of the present invention, there is provided an Ink-Jet recording method, compris- 
ing the steps of: 

ejecting a black ink conprislng a catlonic seff-dispersible carbon black from an orffice in response to a recording 
5 signal; and 

ejecting a color ink comprising an anionic dye in response to a recording signal, 
wherein the color ink further comprises an anionic substance. 

[001 2] According to further aspect of the present Invention, there is provided a recording unit, comprising: 

a first ink container containing a black ink comprising a cationlc self-dispersible carbon black; 

a second Ink container containing a color ink comprising an anionic dye and an anionic substance; and 

a head for ejecting the black ink in the first container and the color ink in the second container. 

15 [0013] According to a still further aspect of the present lnventk)n, there is provided an ink cartridge, comprising: 

a first ink container containing a black Ink comprising a cationic self-dlspersible cart>on black; and 
a second ink container containing a color ink comprising an anionk; dye and an anionic substance. 

20 [001 4] According to a still further aspect of the present invention, there is provided an ink-Jet recording apparatus, 
comprising: 

a first Ink container containing a black Ink comprising a catlonte self-dispersible carbon black; 
a second ink container containing a color Ink comprising an anionte dye and an anionic substance; and 
25 a head section for ejecting the black Ink and the color Ink, respectively. 

[001 5] According to a still further aspect of the present Invention, there Is provMed a method for alleviating bleeding 
in a boundary between a black image formed by an ink-jet method and a color Image fomied by an ink-jet method, 
wherein the black image is fomied with a black ink comprising a cationic self-dispersible cart)on black and the color 
30 Image is formed with a color ink comprising an ank>nic dye and an anionic substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Fig. 1 1s a vertical sectional view of an ink-jet recording apparatus head. 
Rg. 2 is a vertical sectional view of an ink-jet recording apparatus head. 
Rg. 3 is a perspective appearance view of a head multiplexed from the head shown In Rg. 1 . 
Rg. 4 is a perspective view of one example of ink-jet recording apparatus. 
Rg. 5 is a vertical sectional view of an Ink cartridge. 
Rg. 6 is a perspective view showing one example of recording unit 
Rg. 7 is a perspective view of an ink-jet recording apparatus. 
Rg. 8 is a perspective view showing the recording head unit In Rg. 7. 

Rg. 9 is an enlarged sectional view of the neighborhood of the heat generating element of a recording unit 
Fig. 10 is a schematte perspective view showing the principal portion of one example of ink-Jet printer, on which a 
liquid ejection head is loadable. 

Rg. 1 1 is a schematic perspective view showing one example of ink-jet cartridge equipped with a liquid ejection 
head. 

Rg. 12 is a schematic perspective view showing the principal portion of one example of liquid ejection head. 
Rg. 13 Is a conceptual drawing partially extracted from one example of liquid ejection head. 
Rg. 14 Is an enlarged view of the ejection ortftee part shown in Rgs, 12 and 13. 

Rg. 15 Is a schematic drawing showing the ink attachment condition in the ejection ortftee part shown in Rg. 14. 
Rg. 1 6 is a schematte drawing of a principal portion In Rg. 13. 

Rg. 1 7 is a schematic sectional view corresponding to an X - X perspective sectional shape In Rg. 1 6, for explain- 
ing a nquid ejection operation in a liquid ejection head w'rth a lapse of time together witti Rgs. 1 8, 1 9, 20. 21 , 22, 23 
and 24. 

Rg. 1 B is a schematfc sectional view corresponding to an X - X perspective sectional shape in Rg. 16, for explain- 
ing a nquid ejection operotton in a liquid ejection head witti a lapse of time together witti Rgs. 17, 1 9, 20, 21 , 22, 23 
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and 24. 

Rg, 19 is a schematic sectional view corresponding to an X - X perspective sectional shape in Rg. 16, for ejqjlain- 
ing a liquid ejection operation in a liquid ejection head with a lapse of time together with Rgs. 1 7. 1 8, 20. 21 , 22, 23 
and 24. 

Rg. 20 is a schematic sectional view comasponding to an X • X perspective sectional shape in Rg. 16, for explain- 
ing a liquid ejection operation in a liquid ejection head with a lapse of time together with Rgs. 1 7, 1 8, 1 9, 21 , 22. 23 
and 24. 

Rg. 21 is a schematic sectional view comesponding to an X - X perspective sectional shape in Rg. 1 6, for explain- 
ing a liquid ejection operation in a nquld ejection head with a lapse of time together witti Rgs. 1 7, 1 8. 1 9, 20, 22, 23 
and 24. 

Rg. 22 is a schematic sectional view corresponding to an X - X perspective sectional shape in Rg. 16, for e)?>lain- 
ing a liquid ejection operation in a liquid ejection head with a lapse of time together wrth Rgs. 1 7, 1 8. 1 9, 20, 21 . 23 
and 24. 

Rg. 23 is a schematic sectional view corresponding to an X - X perspective sectional shape In Rg. 16, for explain- 
ing a liquid ejection operation in a liquid ejection head with a lapse of time together with Rgs. 1 7, 18, 19. 20. 21, 22 
and 24. 

Rg. 24 is a schematic sectional view corresponding to an X - X perspective sectional shape In Rg. 1 6. for explain- 
ing a liquid ejection operation In a Rquld ejection head with a lapse of time together wtth Rgs. 1 7, 1 8, 1 9. 20, 21 . 22 
and 23. 

Rg. 25 is a schematic perspective view of an Inlc-jet recording apparatus 600 as an example of a liquid ejection 
apparatus to which a liquid ejection head according to the present invention is applicable. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 [0017] With prefened embodiments, the present Invention will now be described In detail below. 

[0016] As a result of hard and Intensive study to solve the above technical problems, the present Inventors have 
solved the problem involved in pigment ink while retaining the most of the merit of using pigment carbon black as ttie 
coloring nraterial, and further found out a highly effective method to prevent tfie occurrence of bleeding with color ink 
when the black pigment Ink Is used with color Ink for the multksolor printing, thus leading to the present invention. 

30 [0019J Rrst, in an Ink set according to ttte present invention, it is used a black ink whfch comprises a cationic self- 
disperslble carbon black as tiie coloring material. As mentioned above, use of pigment ink is advantageous to obtain 
high image density or a perfect image durability, in comparison with dye ink. For this reason, various black Inks contain- 
ing carbon black as the coloring material have been developed for ink-jet recording. When such a pigment is used as 
the coloring material, however, a dispersant must be added to disperse the pigment into ttie ink, and in some case, an 

35 adverse influence due to the dispersant has been obsen^ed. When a polymer dispersant is used, for example, it may 
cause problems such as increased wettability of the face portion of a head, clogging, and poor preservation property of 
the ink. When a surfactant is used as the dispersant, the image density may become low, and there may be a problem 
of Increased wettability of the face portion of the head in the ink-jet recording apparatus. On the other hand, use of a 
so-called self-dispersible caibon black can eliminate those problems caused by tfie dispersants. 

40 [0020] As mentioned above, when carbon black whose surface is not treated, as the coloring material of ink, addi- 
tion of a dispersant is needed to maintain the dispersion stability of the pigment Still In that case, dispersion stability 
problem may exist, as well as the above discussed problems such as the Increase wettabifity of the head face portion 
damaging the ink ejection stability. On the otiier hand, since self-dispersible carbon black has a hydrophfllc group on its 
surface, the cartx>n black itself exhibits a stable dispersibinty In an aqueous medium such as water, without adding any 

45 dispersant Tlius, pigment ink free from conventional problems due to the dispersant can be obtained. 

[0021] Furtherniore, with an Ink set according to the present invention, color ink is used in combination witti black 
carbon of the above compositton. but an anionic coloring material is often used as the coloring material of coter Ink In 
use for the fomiation of a color image from the viewpoint of color devetoping property, flght raslstance or safety. For ttiis 
reason, the use of a callonte coloring material for the color ink is desired to suppress the bleeding in an image formed 

so of black ink and color ink. Thus, tiie present invention uses a cationic self-dispersible cart)on black as the coloring mate- 
rial of black ink. Thereby, the image density, durability and printing grade in a black ink Image can be improved and the 
preserving stability of Ink and the reliability (ejectton durability, ejection stability, clogging resistance or the Hke) during 
the recording becomes satisfying even for a pigment Ink. 

[0022] For an Ink set aocorcflng to the present Invention, color ink is used wltti the above described black Ink. The 
55 coloring material of cotor inks which has been used for color image fomiation are usually an anionfc material from the 
view point of color development light fastness, and safety. For this reason, it is preferable to use cationic material as 
the coloring material of ttie black ink, in order to suppress bleecfing between tiie images fonned witti black ink and color 
ink, TTiereby, the image density, durability and printing grade of black ink images can be improved, the storage stability 
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of ink and the reliability in recording (ejection durability, ejection stability, clogging resistance or the like) are satisfactory 
even being a pigment ink. 

[0023] For an ink set according to the present inventton, color Ink containing an anionk: dye and at least one sort of 
anionic substance is used in oonnbination with a black ink of above constitution, to intensify the aggregation force 
5 between the black ink and the color ink brought into contact on a paper sheet. Thus, Irfeeding between the black color 
imago and the color ink image can be suppressed more effectively. 

[0024] As the anionic substance, a substance having a cartoxyt group or a sulfonic group is preferable, and more 
preferably, a substance having a plurality of sulfonic groups is employed. Specifically, a.substance having an aromattc 
ring substituted with a sulfonic group, more preferably, with a plurality of sulfonic groups can be used. This is oonskiered 
10 due to the stronger cohesion of the sulfonic group with a catlonte group. Furthermore, the use of a substance having a 
plurality of sulfonfc groups can intensify the cohesive force with a catk>nic group still nrwre. Thus, bleeding suppressiori 
effect will be enhanced even when black and color inks are applied in one scan. Besides, it is preferable in the present 
invention to use an anionto dye having a sulfonb group in color ink. 

[0025] The Ink set according to the present invention alms at the suppression of bleeding between the black ink 
15 image and the color ink image as mentioned above, not considering bleeding between different color inks. Since color 
Ink is frequently used for images graphs etc., rt is preferable to avoid substantial deterioration In the printing grade in 
practical use, by using a known method such as providing the ink with a higher penetrability even Into a sized paper. 
[0026] Next, a black ink containing a cationte self-dispersible carbon black as the coloring material and a color ink 
containing an anionic dye and at least an anionic substance, both constituting an Ink set according to the present inven- 
20 tion, are described separately. As a preferable embodiment of the ink set, the anionic substance in the color ink contains 
a carisoxyl group or a sulfonic group. 

[0027] Rrst, the black Ink constituting an Ink set of the invention is explained. The black ink to be used in the present 
Invention is featured by containing a cationlc selt-dlspersible carbon black. Most of cationlc self-dlsperslble cartwn 
blacks, already present or newly synthesized, can be used in this Invention. 

25 [0028] As the cationk: self-dispersible carbon black, there are carbon blacks having at least one kind of cationto 
hydrophilic group bonded directly or through another atqmte group to the surface as the Ionic group. Use of such.a self- 
dispersible carbon black dispenses with a dispersant to disperse carbon black particles in an aqueous medium. 
[0029] As the cationlc self-dispersible carbon black suitably usable in the present Invention, preferably used are 
those having the hydrophilic group bonded directly or via another atomic group to the surface of carbon black, where 

30 the hydrophilic group may be composed of at least one aromatte group such as, phenyl, benzyl, phenethyl and naphthyl 
or a heterocyclic group such as pyrfdyl and at least one cationlc group. More preferably, the catlonte group is a quater- 
nary annmonlum group. BesUles, those having a quaternary phosphonium group in place of a quaternary ammonium 
group are also useful. 

[0030] As the catlonte hydrophilte group bonded to the surface of self-dispersible carbon black preferably used in 
35 the present Invention, those of the following structures are specifically refen-ed to. but not limited tO; 

[0031] In the following formulas, R denotes a C1 to Cl 2 straight or branched alkyi group, substituted or unsubsti- 
tuted phenyl group, or a sut)stituted or unsubstitutad naphthyl group. 
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[0032] The content of the self-dlsperslble carbon black having a cationic group thereon as mentioned above In the 
black Ink Is not specifically limited, but preferably in the range between 0.5 to 15% to the total ink weight, more prefer- 



6 



BNSDOCIO: <EP,_1088884A1J_> 



EP 1 088 664 A1 



ably In the range of 1 .0 to 1 0%. Such a content can enhance the reliability as an ink-Jet Ink, such as printing density and 
ink ejection stablitty. 

[0033] A preparation method of a cationicany charged self-dlsperslble carbon black due to its hydrophllic group Is 
explained with a method to introduce to carbon black an N-ethylpyridyl group: 



by treating cartjon black with 3-amino-N-ethyl pyridinlum bromide. Because of excellent water dispersibility due to the 
repulsion of ions, the anionically or cationteally charged carbon black due to the hydrophilic group introduced onto the 
surface thereof retains a stable dispersion state without addition of a dispersant even in an aqueous ink. 

IS [0034] As the carbon black used here, carbon black produced, for example, by the fumace process or the channel 
process, being 15 to 40 nm in primary particle diameter. 50 to 300 m^/g In specific surface area by the BET method, 40 
to 1 50 mt/1 00 g in DBP oil absorption, 0.5 to 10% in volatile matter and of pH 2 to 9 is preferably used. 
[0035] As examples of commercially available caibon blacks having such characteristics. No. 2300, No. 900, MCF 
88. No. 33. No. 40, No. 45, No. 52. MA 7, MA B, No. 2200B (the foregoing: Mitsubishi Chemicai made). RAVEN 1255 

20 (the foregoing: Columbia made), REGAL 400R, REGAL 330R. REGAL 660R, MOGUL L (the foregoing: Cabot made). 
Color Black FW-1, Color Black FWIS. Color Black SI 70. Color Black SI 50. Printex 35. Printex U (the foregoing: 
Degoussa made), etc, are referred to. 

[0036] Meanwhile, various hydrophllic groups as mentioned above may be bonded directly to the surface of black 
caiton. or may be indirectly bonded via an atomic group laid between the surface and the hydrophilic group. Here, spe- 

25 cfflc examples of such an atomic group Include straight or branched alkylene groups having 1 to 1 2 carbon atoms, sub- 
stituted or unsubstltuted phenylene groups and substituted or unsubstltuted naphthylene groups. As the substltuents 
for the phenylene groups and naphthylene groups, there are straight or branched alkyi groups having 1 to 6 carbon 
atoms. Specific examples of combinations of the atomte group and the hydrophmc group Include, but not limited to, - 
C2H4-COOM, -Ph-SOaM and -Ph-COOM, where Ph represents a phenyl group and M an alkaline metal. 

30 [0037] In this aspect, one or more kinds of self-disperslble carbon black selected from the above may be used as 
the coloring material of the ink, to control the tone or properties. 

[0038] TTie black Ink constituting an ink set according to the present Invention comprises a catlonic self-dispersible 
carbon black as described above can be present In an aqueous medium In a dispersion state. Any medium can be used 
as the aqueous medium so long as ft contains water. The water content in the ink is, e.g. 20 to 95% by weight, especially 

35 40 to 95% by weight, more preferably 60 to 95% by weight to the total ink weight In addition to water, the aqueous 
medium may contain following water-soluble organk: solvents. Appropriate examples are CI to C4 alkyI alcohols (e.g. 
methyl ateohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol and tert-butyl ateo- 
hoO; ketones or keto-alcohols (e.g. ketoamMes such as dimethyl formamide and dimethyl acetamlde, acetone and diac- 
etone alcohols); ethers (e.g, tetrahydrofuian and dioxane); polyalkylene glycols (e.g. polyethylene glycol and 

40 polypropylene glycol): alkylene glycols with C2 to C6 alkylene group (e.g. ethylene glycol, propylene glycol, butylene 
glycol, triethylene glycol, 1 ,2.6-hexane triol, thiodlglycol, hexylene glycol and diethylene glycol); alkylethers of polyva- 
lent alcohols (e.g. ethylene glycol methyl ether, ethylene glycol ethyl ether, triethylene monomethyl ether and triethylene 
glycol monoethyl ether) and further N-methyl-2-pyrrolldone, 2-pyrrolidone. 1,3-dlmethyl-2-imklazolldinone and so on. 
The total amount of the water-soluble organic solvent In the Ink ranges from 2 to 60% by weight, more preferably, from 

45 5 to 25% by weight on the basis of the total Ink weight. 

[0039] A specifically preferable water-soluble organte solvent In the present invention is glycerol added In an 
amount from 2 to 30% t)y weight, more preferably, from 5 to 15% by weight to the ink. Another preferable water-soluble 
organic solvent is a solvent mixture containing glycerol and a polyvalent ateohol (e.g. diethylene glycol and ethylene gly- 
col) at a mbcing ratio of glycerol to the polyvalent alcohol from 10:5 to 10:50. Examples of other preferable polyvalent 

so alcohols to be mixed wfth glycerol are diethylene glycol, ethylene glycol, polyethylene glycol and propylene glycol. The 
above mentioned glycerol or mixture of glycerol and polyvalent alcohol may be mixed with another water-soluble 
organic solvent If necessary, the black Ink used in the present Invention may further contain various addtthres such as, 
surfactant, pH control agent and antimold. 

[0040] The black Ink constituting an Ink set of the present Inventton Is suitable to be used In an Ink-Jet recording 
55 method, where an image Is recorded by ejecting the ink from a recording head, by means of thermal energy or mechan- 
ical energy, and attaching ft to a recording medium. 

[0041] Thus, in order to be suftable for ink-jet recording, the black Ink of the above oonstftutlon preferably has fol- 
lowing physical properties at 25'C; surface tension: IS to 60 mN/hi (dyn/cm), more preferably 20 to 50 mWm (dyn/cm); 
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viscosity: 1 5 mPa • 6 (cP) or less, more preferably, 1 0 mPa • s (cP) or less, further preferably 5 mPa • s (cP) or less; pH: 
3 to 11 . more preferably 3.5 to 8. 

[0042] Ihe Ink set is characterized In that the black Ink of the above mentioned constitution is used in combination 
with a color Ink containing at least one anionic dye and at least one anionic substance. Such a color ink is described 
below on Its constituents. 

(0043] Rrst, as an anionic dye preferable for the color Ink constltullng the Ink set, most of already present, or newly 
synthesized anionte dyes can be used so long as they have suitable hue and density. Besides, they can be used alone 
or in combination. The content of the above anionic dye Is preferably in a range of 0.2 to 15%, more preferably, 0.5 to 
1 0% by weight based on the total inic weight Namely, the anionic dye content In the above range enhances the refiabiltty 
as the Ink-jet Ink, such as good coloring and ink ejection stability. 

[0044] The anionic color ink used in the present Invention contains at least one type of anionic substance In addition 
to the above anionte dye. Most of already present, or newly synthesized anionic substances can be used so long as 
they are anionic, but those having cart>Qxyl gnjup or sulfonfc group are preferable. One example of anionic substances 
having a caitoxyl group or a sulfonic group usable In the present Invention Is an organte acid salt, more specifically, ani- 
onte surfactant such as sodium aikylsulfate, sodium alkytsulfate. sodium dialkylsutfosuccinate. sodium alkylnaphthle- 
nesulfonate, sodium alkyldlphenylether disulfonate, sodium alkylltaurine, sodium laurylsulfoacetate and sodium 
sulfosucdnate dialkyi ester; aromatic compounds having sulfone groups such as sodium benzenesutfonate. sodium 
benzenedlsulfonate, sodium naphthalenesuKonate, sodium naphthalenedisulfbnate and sodium naphthalenetrisul- 
fonate; and carboxyl-group contained such as sodium benzoate and ammonium benzoate are referred to. but not lim- 
ited to. 

[0045] The content of the above anionic substance in the color ink is preferably in the range of 0.2 to 1 0% by weight, 
more preferably 0.6 to 8% by weight based on the total color ink weight. In other worts, the content of the anionic sub- 
stance In the above range achieves desired aggregation effect and ensures the reliability as the ink-jet Ink. 
[0046] Further, it is preferable for the color ink to contain a surfactant to have a fast penetrability into so-called plain 
paper. As examples of the surfactant, entente surl&ctant as described above, nonlonic surfactant such as higher alcohol 
ethylene oxide adducts. alkylphenol ethylene oxide adducts. allphatte ethylene oxide adducts. polyvalent alcohol fatty 
ackJ ester ethylene oxide adducts, fatty acid amide ethylene oxide adducts. higher alkylamine ethylene oxide adducts. 
polypropylene glycol ethylene oxide adducts, fatty acid polyvalent ateohol estere and fatty amides of ateanol amines; 
and amphoteric surfactant of amino acid type or befaine type are referred to. Two or more of these surfactant can be 
selected and used as a mixture. 

[0047] The content of the above anionte surfactant In the color Ink is not limited but preferably in the range of 0.01 
to 1 0% by weight based on the total color ink weight. In other words, the content of the anionic surfactant in the above 
range achieves desired penetration effect and ensures the reliability as the Ink-jet ink. 

[0048] Besides, for a rapid penetrability. It is effective for the color Ink to contain an ether of polyvalent ateohol, for 
example, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, diethyl- 
ene glycol monomethyl ether, diethylene glycol monoethyl ether, diethytene glycol nwnobutyl ether, triethylene glycol 
monomethyl ether, triethylene glycol monoethyl ether, triethylene glycol monobutyl ether, propylene glycol monobutyl 
ether and dipropylene glycol monobutyl ether. Furthermore. If the penetrabifrty is not enough, a strongly penetrable 
water-soluble organte soh^nt such as hexylene glycol and dipropylene glycol can be added to enhance the penetrability 
into the recording medium such as plain paper. 

[0049] In preparation of a cotor ink of above constitution, it is preferable to use water or a mixture of water and a 
water-soluble organte so^ent as a liquid medium to disperee or dissolve the above entente dye and entente substance. 
SpecTically preferable water-solubte organte solvents are those that can prevent drying of the ink. Spedfte examples 
include C^-C4alkyl alcohols such as methyl alcohol, ethyl ateohol, n-propyl alcohol, isoi)ropyl alcohol, n-butyl ateohol. 
sec-butyl alcohol, and tert-butyl ateohol; amides such as dimethyl formaldehyde and dimethyl acetamWe; ketones or 
ketoalcohols such as acetone and diacetone ateohol; ethers such as tetrahydrofurane and dioxane; polyalkylene gly- 
cols such as polyethylene glycol and polypropylene glycol; alkylene glycols with a Cz-C^ alkylene group sOch as eth- 
ylene glycol, propylene glycol, butylene glycol, triethylene glycol, 1.2.6-hexane trial, thlodiglycol; hexylene glycol and 
diethylene glycol; lower alkyi ether acetates such as polyethylene glycol monomethylether acetate; glycerol; lower alkyi 
ethers of polyhydric ateohols such as ethylene glycol monomethyl- (or monoethyl-)ether, diethylene glycol methyl- (or 
ethyl-) ether and triethylene glycol monomethyl- (or monoethyl-)ether. polyhydric alcohols such as trimethylol propane 
and trimethylol ethane; N.methyl-2-pyrroridone. 2-pyn'olWone and 1.3-dimelhyl-2-imldazolidlnone. Such water-soluble 
organic soh^ents may be used singly or as a mixture. 

[0050] The content of the water-soluble organte solvent contained In the Ink of the Invention is not specifically lim- 
ited, but preferably in the range of 3 to 50% by weight based on the total Ink weght The water content In the ink is pref- 
erably in the range of 50 to 95% by weight based on the total ink weight It is desirable to use deionized water. 
[0051] The color Ink can be used for ink-jet recording as well as for hand-writing tools. As ink-jet recording methods, 
there are a recording method in whteh a mechanical energy is applied to the ink to eject an ink droplet and a recording 
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method In which a thermal energy is applied to the Ink to eject an Ink droplet by the acHon ot a bubt>le In the Ink, for both 
of which the ink according to the present invention is especially suitable. When the Ink set according to the aspect of 
the present Invention is used for Ink-jet recording, the Ink should have suitable properties for ejection from an Ink-jet 
head. From this point of view, the ink has Rquid properties such as the viscosity of 1 to 1S cps, and the surface tension 
of preferably 25 mN/m (dyne/cm) or more, more preferably, 1 to 5 cps and 25 to 50 mN/m. 

[0052] To provide the color Ink with such properties, the aqueous medium preferably contains glycerol, trvnethytol- 
propane, thioglycol, ethylene glycol, diethylene glycol, Isopropyl ateohol, acetylene ak»hol. and the Hke. As the acety- 
lene alcohol, an acetylene abohol of following fomnula can be used. 

R2-i-0-<CHz-CIVO>ir H 

i 

« 111 

C 

R3-C-0-<CI%-CH2-03r H 
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where Rl , R2, R3 and R4 denote alkyi group and specifically, CI to C4 straight or branched alkyi group, m and n denote 
0 or an Integer, provided that 0 $ m + n < 30 . 
2S [0053] In addition to these constituents, If necessary, the color Ink may further contain following additives to have 
desired pertomnance; nitrogen-contained compounds as a humectant such as urea, thiourea, ethylene urea, alky) urea, 
alkyi thiourea, dialkyi urea and dtalkyi thiourea: pH controlling agent; viscosity controlling agents; preservatives; antioxi- 
dants, evaporation accelerators, rust inhibitors, antimolds and cheleting agents. 

[0054] The above explained ink set of the present Invention comprised of the black and the color ink Is suitably used 
30 in the ink-jet recording method, in which an ink droplet is ejected from the ejectton orifice according to the recording sig- 
nal to make recorxJ on the recording medium, especially in the ink-jet recording system utilizing thermal energy the for 
ink droplet ejection. As a recording method for using an ink set acconilng to the present inventton to appropriately per- 
form the recording, the ink-jet recording method of giving the thermal energy con-espondlng to a recording signal to the 
ink of Individual colors stored in the recording head to generate a liquid droplet by the relevant thermal energy Is 
35 refen-ed to. One example of the ink-Jet recording apparatus according to the present invention will be described below 
to which such an ink-jet recording method is appHed. 

[0055] Rrst, a configuration example of the main part, head, of this apparatus is shown in Figs. 1 . 2 and 3. Rg. 1 is 
a sectional view of a head 1 3 along the ink flow patfi and Rg. 2 is a sedtional view taken on line 2 - 2 of Rg. 1 . The head 
13 is obtained by adhesion of a heat generating head 16 used for the thermosensltive recording (in Rg. 1 , a film head 
40 Is shown, but the present Invention is not limited to this) to a glass, ceramic or plastte plate having a groove 14 through 
which ink flows" The heat generating head 15 comprises a protective film 16 formed of sifjcon oxide or the like, alumi- 
num electrodes 1 7-1 and 1 7-2, a heat generating resistance layer 1 8 fomned of Nichrome, a heat accumulating layer 1 9 
and a highly heat-radiating substrate 20 made of alumina or the like. 

[0056] Tlie ink 21 comes to an ejection orifice (fine hole) 22 and forms a meniscus 23 under the pressure R Now, 
45 when an electric signal Infomwtlon Item Is applied to ttie aluminum electrodes 17-1 and 17-2, tiie regton designated 
witti n of the heat generating head 15 Is rapidly heated; a bubble Is generated In the ink 21 contacting here, the menis- 
cus 23 protrudes under this pressure and the Ink 21 is ejected to make an ink droplet 24 and fly to a recording medium 
25 from the ejection orifice 22. 

[0057] Rg. 3 shows an appearance view of a multihead comprised of an array of many heads shown In Rg. 1 . The 
so relevant multihead is fabricated by a close adhesron of a heat generating head 28 similar to that descrtoed in Rg. 1 to 
a glass plate 27 having a multi-groove 26. 

[0058] Rg. 4 shows one example of an Ink-Jet recording apparatus with the above head incorporated. In Rg. 4. 
numeral 61 denotes a blade serving as the wiping member, one end of which Is retained by a blade retaining member 
to make a stationary end, thereby shaping a cantilever as a whole. The blade 61 is disposed at a position adjacent to 
ss the recording area by the recording head 65 and is retained in the shape of protruding Into the moving route of tiie 
recording head 65 in case of this example. Numeral 62 denotes a cap on the ejection orifice surface of the recording 
head 65, whteh is located at ttte home position adjacent to ttie blade 61 and so annnged as to move In a direction per- 
pendicular to the movement of ttie recording head 65, to butt against the Ink ejection orifice and to f utfilt the capping. 
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Furthermore, Numeral 63 denotes an ink absorber provided adjacently to the blade 61, whfeh is retained In the shape 
of protruding into the moving route of the recording head 65 as with the blade 61 . 

[0059] An ejection recovering section 64 comprises the above blade 61. the above cap 62 and the above ink 
absorber 63 and the moisture, dust and the like on the ink ejection oriftee are removed by the blade 61 and the ink 

5 absorber 63. Numerals 65 and 66 denotes a recording head equipped with ejection energy generating means whteh 
ejects Ink to the recording medium opposed to the ejection orifice face from an ejection orifice disposed to perform 
recording and a carriage for loading and moving the recording head 65, respectively. The carriage 66 is sl'rdably 
engaged with a guide shaft 67 and part of the carriage 66 is connected (not shown) to the belt 69 driven by a motor 68. 
Thereby, the carriage 66 is enabled to move along the guide shaft 67, thus enabling the recording area by the recording 

10 head 65 and its adjacent areas to move. 

[0060] Numerals 51 and 52 denote a paper feed section for inserting a recording medium and a paper feed roller 
driven by an not shown motor, respectively. By these constituents, the reconling medium is fed to the position opposed 
to the ejection orifice face of the recording head 65 and paper is discharged to the paper discharge section disposed 
with the paper discharge roller 53 according to the progress of recording. 

IS [0061 ] In a return of the recording head 65 to the home position at the end of recording or the like with the above 
configuration, the cap 62 of the ejection recovering section 64 is averted from the moving route of the recording head 
65, whereas the blade 61 protrudes into the moving route. As a result, the ejection orifice face of the recording head 65 
is wiped. When the cap 62 caps the ejection orifice face of the recording head 65 by butting, the cap 62 moves In such 
a manner as to protrude Into the moving route of the recording head. 

20 [0062] When the recording head 65 moves from the home position to the recording start position, the cap 62 and 
the blade 61 stand at the same position as that of the above wiping. As a result, the ejectton orifice face of the recording 
head 65 is wiped also in this move. The above move of the reconling head 65 to the home posltton is not only perfomied 
at the completion of recording and at the recovery of ejection, but also the recording head 65 moves at gh^n Intervals 
to the home position adjacent to the recording area while moving through the recording area for recording and the 

25 above wiping Is carried out with this move. 

[0063] Rg. 5 shows one example of an ink supply member for the head, an Ink cartridge 45 for storing the Ink sup- 
pned via a tube. Here, numeral 40 denotes an ink storing section for storing the supply ink, e.g. an ink bag, at the tip of 
whteh a rubber stopper 42 Is provided. By inserting a needle (not shown) into this stopper 42, the Ink in the ink sack 40 
is enabled to be supplied to the head. Numeral 44 denotes an ink absortDer for receiving the waste ink. As the ink stor« 

30 section, it Is preferable for the present invention that the liquid contact surface with Ink is made of polyolefin, especially . 
polyethylene. 

[0064] An Ink-jet recording apparatus according to the present invention is not limited to those comprising a head 
and an Ink cartridge separately as mentioned above, but is also appropriately applied to integrated one as shown in Rg. 
6. In Rg. 6, numeral 70 denotes a. recording unit in which an ink store section for storing ink, e.g. an ink absort>er is 
35 accommodated and the Ink In such an ink absorber Is ejected as an Ink droplet from the head secUon 71 having a plu- 
rality of orifices. 

[0065] As materials of an Ink absorber, polyurethane. cellulose, polyvinyl acetate or polyolefin type resin Is prefer- 
ably used. Numeral 72 denotes an atmosphere communteath^e orifice for communicating the recording unit interior to 
the atmosphere. This recording unit 70 is used in place of the recording head 65 shown In Rg. 4 and is freely mountable 
40 anddenr^ountable. 

[0086] At the left end of a movable region of the carriage, an ejection recovery system unit 1 10 Is present at the 
bottom and caps the ejection orifice section of a recording head at the time of non-recording. This left end is referred to 
as home position of a recording head. Numeral 107 denotes both a switch section and a display element section. The 
former Is used for ON/OFF of the power supply of a reconiing apparatus, at the setting of various recording methods or 

45 the like, while the latter plays a part of displaying the condition of a recording apparatus. 

[0067] Rg. 7 is a perspective view of an ink-Jet recording iapparatus appRcable to the present invention. The record- 
ing medium 106 Inserted in the paper feed position of a recording apparatus 1 00 Is conveyed to the recordable area of 
the recording head unit 103 by the feed roller 109. Bek>w the recording medium In the recordable area, a platen 108 is 
provided. The carriage 101 Is so ammged as movable In the directton detemiined by two guide shafts of a guide shaft 

so 104 and a guide shaft 105 and scans the recording area reciprocally On the carriage 101, a recording head unit 103 
including multiple recording heads for ejecting individual color ink and ink tanks for supplying ink to respective recording 
heads is loaded 

[0068] Multiple color Inks provided In this example of Ink-Jet recording apparatus are black (Bk), cyan (C). maoenta 
(M) and yellow (Y) Inks. 
55 [0089] Rg. 8 Is a perspective view showing the recording head unit of Rg. 7. 

[0070] On the canlage 1 01 , a recording head 102 for ejecting individual color Ink of Bk, C, M and Y, a Bk ink tank 
20Bk, a C ink tank 20C, a M ink tank 20M and a Y ink tank 20Y are toaded. Each tank is connected to the recording 
head via the connecting section with the recording head and Is supplied to the respecthre ejection orifice. 
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[0071 1 Other than this example, tanks for Individual color Ink comprising C, M and Y may be integrally structured. 
[0072] ng. 9 Is an enlarged sectional view of the vicinity of the heat generating body of a recording head. An ink- 
jet recording apparatus according to this example adopts a recording method for ejecting Ink from each nozzle by dis- 
posing a heat generating member made of a electrothermal converting element to each Ink ejection orifice and by 
5 applying driving signals corresponding to the recording information to the heat generating member. Heat generating 
member 30 is so an^nged as able to Independently heat each nozzle. 

[0073] The ink in a nozzle rapidly heated by the heat generation of a heat generating body 30 fomis a bubble 
through the film boiling, an ink droplet 35 is ejected toward a recording medium 106 under pressure of this bubble gen- 
eration as shown In Fig. 9 to form a character or an Image on the recording medlura At Indh^Wual ejection orifices 37, 

10 Ink flow paths communicating with the respective ejection orifices are provided and a common liquid chamber 32 for 
supplying ink to these ink paths Is provided behind the location of ink fiquid paths 38. In each ink flow path con-espond- 
Ing to each ejection orifice, there Is provided the heat generating member 30 made of an electrothermal converting ele- 
ment to generate thennal energy for ejecting an Ink droplet from the ejection orifice, with electrode wiring for supplying 
eleclrto power to It. These heat generating members 30 and electrode wiring are fomied on the substrate 33 made of 

15 silicon or the like by the film forming technique. On each heat generating member 30, a protective film 36 Is fomied so 
that Ink is not brought Into contact with the heat generating member. Furthermore, by stacking a barrier 34 made off a 
resin or glass material on this substrate, the ejection orifices, the Ink liquid paths, the common liquid chamber men- 
tbned above or the like are configured. 

[0074] As menttoned above, the recording system using a heat generating member being an electrothemtal con- 
20 verting element Is commonly refen-ed to as the bubble jet recording system, since It utlflzes a bubble formed by appli- 
cation of ttiermal energy for ejecting an Ink droplet In the above description, ttie Invention Is explained referring to an 
Ink-jet recording apparatus of bubble-jet system, but Ink-jet recording apparatuses of oti)er ink-jet systems such as tt>e 
piezoelectric system using piezoelectric elements may be employed. 

[0075] Next, a specific example of the recording apparatus and recording head usable appropriately for tiie present 
25 Invention will be described. Rg. 1 0 Is a schematic perspective view showing a main part of an Ink-Jet printer employing 
a liquid ejection head of one llqukJ ejection system where the bubble Is communicated wltti the atmosphere during ink 
ejection process. 

[0076] In Fig. 10. tiie ink-Jet printer Includes a conveying devtoe 1030 for Intermlttentiy conveying a sheet 1028 as - 
recording medium provided along a longitudinal direction in a casing 1008 in the direction pointed by tiie arrowhead P 
30 shown In Rg. 10. a recoiding section 1010 reciprocally moved in nearty parallel witii ttie direction S nearty perpendicu- 
lar to tfie conveying direction P of the sheet 1028 by ttie conveying devtee 1030 and a move driving section 1006 as 
driving means for reciprocally moving the recording section 1 01 0. 

[0077] The move driving section 1006 Includes a belt 1016 entrained about pulleys 1026a and 1026b placed at 

rotating shafts disposed oppositely at a given Interval and a motor 1018 for driving the belt 1 01 6 disposed In nearty par- 
35 atlel with roller units 1022a and 1022b and linked to the can-lage member 1010a in tiie recording section 1010 fonward 
end backward. 

[0078] When the motor 1 01 8 Is put into operation and ttie belt 1 01 6 rotates In the direction of the arrowhead R of 
Fig. 1 0. the carriage member 1 01 Oa of the recoiding section 1 01 0 Is moved by a gWen move amount In the direction of 
the arrowhead S of Rg. 10. On the other hand, when the motor 1018 is put Into operatfon and tiie belt 1016 rotates in 

40 the reverse direction of the arrowhead R of Rg. 1 0, the caniage member 1 01 Oa of the recording section 1 010 is moved 
by a given move amount in the reverse direction of the an-owhead S. Furthennore. on one end of the move driving sec- 
tion 1006, a recovery unit 1026 for tiie ejection recovery treatment of the recording section 1010 is provided opposite 
the ink ejection orifice array of the recording section 1 01 0 at tiie home position of the carriage member 1 01 Oa. 
[0079] In the recording section 1 01 0, Ink-jet cartridges (hereinafter, refen-ed to simply as cartridges In some cases) 

45 1012Y. 1012M, 1012C and 1012B Is demountably provided to the caniage member 1010a respectively for individual 
colors, e.g. yellow, magenta, cyan and black. 

[0080] Rg. 1 1 shows one example of Ink-jet cartridge mountable on the above ink-jet recording apparatus. The car- 
tridge 1 01 2 in this example is of serial type and Its main part-comprises an Ink-Jet recording head 1 00 and a liquid tank 
1001 for storing a liquid such as ink. 

so [0081] On the Ink-jet recording head 100, many ejection orifices 632 for ejecting a liquid are formed and a Rquid 
such as ink is so anBnged as to be led from tiie fiquld tank 1001 via an unlllustrated Ik^uld supply path to the common 
WquwS chamber (see Rg. 12) of ttie liquid ejection head 100. The cartridge 1012 Is Integrally formed of an ink-jet record- 
ing head 100 and a liquid tank 1001 and can supply a liquid Into the liquid tank 1001 If necessary, tnit a structure of 
exchangeably linking a liquid tank 1001 to this Hquld ejection head 100 may be adopted. 

55 [D082] A specific example of the above fiquld ejection head ttiat can be loaded on an ink-jet printer of such a con- 
figuration will be described below in further details. 

[0083] Rg. 12 Is a schematic perspective view typically showing the main part of a liquid ejection head indicating 
the bask: aspect of ttie present Invention. Rgs. 13 to 1 6 are front views of ejection orifice shapes of the liquid ejection 
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head shown In Rg. 1 Z Incidentally, electric wiring for driving an electrothermal converting element or the like Is omitted. 
[0084] In the liquid ejection head of this example, a substrate 934 made of glass, ceramics, plastic, metal or the like, 
for example, as shown In Rg. 12 is used. Such a materia! quality of the substrate is not essential to the present inven- 
tion, but is not especially restricted if funcUonable as part of a flow path constituting member and functionable as the 

5 support of an ink ejection energy generating element and a material layer fomning the liquM flow path and ejection ori- 
fice described later. Accordingly, in this example, a description will be made for the case of using a Si substrate. In addi- 
tion to a forming method using a laser beam, for example, an ejection orifice Is formed using the orifice plate 935 
described later as a photosensitive resin by means of an exposure device such as MPA (Mirror Projection Allner). 
[0085] In Rg. 12, numeral 934 denotes a substrate comprising an electrothermal converting element (hereinafter, 

TO refen-ed to as heater in some cases) 831 and a ink supply port 933 comprising a tong-groove-shaped through hole as 
common liquid chamber section and an amy of heaters 931 as thermal energy generating means is ananged longltij- 
dinally In zigzag form for each side of the Ink supply port 933 at intervals of an electrothemial converting element of s^ 
300 dpi. On this substrate 934, an ink flow path wall 936 for forming the ink flow path Is provided. On this ink flow path 
wall 936, an ejection orlftee plate 935 equipped with an ejection orifice 832 is further provided. 

75 [0086] Here, in Rg. 12, the ink flow path wall 936 and the ejection orifice plate 935 are shown as separate mem- 
bers, but both of them can be also fomied at the same time as one and the same member by forming this ink flow path 
wall 936 on the substrate 934. for example, by an approach such as spin coat. In this example, further, the side of the 
ejection orifice face (upper face) 935a is subjected to the water repellent finishing. 

[0087] In this example, a serial type head In whteh recording proceeds while scanning In the direction of the arrow- 
so head s off Rg. 10 Is used to execute the recording, for example, at 1200 dpi. The driving frequency is 10 kHz, and at 
one ejection orifice the ejection is perfonned every the shortest time interval 1 00 jis. 

[0088] Besides, as one example of actual size of a head, the banier 936a for flu Wly isolating the adjacent nozzles 
has a width w =, say. 14 pm as shown in Rg. 13. As shown in Rg. 16, the bubbling chamber 1337 formed by the ink 
flow path wall 936 has (wkfth size of the bubbling chamber) = 33 jim and N2 (length size of the bubbfing chamber) = 
25 35 Jim. The size of the heater 931 is 30 jim x 30 jim and a value of healer resistance Is 53 ft (ohm) and the driving 
voltage is 1 0.3 V. Besides, an ink flow path wall 936 and barrier 936a, 1 2 jun In height, and an ejection orifice plate. 1 1 
Mm In thk;kness, are usable. 

[0089] Among the sections of the ejection orifice part 940 provided on the ejection orifice plate Including the ejec- 
tion orfftee 832, the shape of a section cut along a directton crossing the ink ejection directton (widtti direction of ttte 
30 orifice plate 935) is almost in the shape of a star and roughly comprises 6 convex portions 832a having obtuse angles 
end 6 convolute portions 832b disposed between tiiese convex parts 832a and having acute angles. In other words, 6 
grooves are formed In wWth (in the ejection direction of a Ik^uid) of the orifice plate shown In Rg. 1 2 wrth convex portions 
632a as a region locally fartiier from the center O of the ejection orifice taken for Its vertfces and convolute portions 
832b as a region adjacent to this region and locally nearer to the center O of the ejection orifice taken for the bases 

35 

(Regarding the position of a groove, see 1 1 41 a of Rg. 1 7) 

[0090] In this embodiment the ejection orifice part 940 has a section cut along the direction crossing its width, 
being in the shape of a combination of two regular triangles comprising 27 um long sides overlapped at a mutual rota- 
40 tion of 60 degrees, where Ti shown Rg. 1 3 is 8 ^m tong. The angle of every convex part 832a is 1 20 degrees and the 
angle of every convolute part 832b is 60 degrees. 

[0091] Thus, the center O of the ejection orifice coincides with the gravity center G of the polygon formed by con- 
necting the centere (center (gravity center) of tiie figure made by connecting tiie vertex of a groove and two bases acfa- 
cent to this vertex) of mutually adjacent grooves. The opening area of the ejection orifice 832 in this example is 400 ^m^ 
45 and that of each groove (figure made by connecting the vertex of a groove and two bases acQaoent to this vertex) is 
approx. 33 nm^. 

[0092] Rg. 15 is a typical drawing showing the ink adherent condition of the ejection orifice part shown In Rg. 14. 
[0093] Next, the ejection operation of a liquid by means of tiie ink-jet recording head of the above configuration will 
be described referring to Rgs. 1 7 to 24. 

50 [0094] Rgs. 1 7 to 24 are sectional views for Illustrating the liquid ejection operation by means of the liquid ejection 
head described in Rgs. 12 to 16 and X - X sectfonal views of the bubbling chamber 1337 shown In Rg. 16. In this sec- 
tion, the end in width of the orifice plate In the ejection orifice 940 con-esponds to the vertex 1 141 a of a groove 1141. 
[0095] Rg. 1 7 shows a situation thai a film-shaped bubble Is generated on a heater, while Rgs. 18 to 24 show sit- 
uations after tiie lapse of approx. 1 us. approx 2 jis. approx. 3 jis, approx. 4 ^s. approx. 5 ms. approx. 6 ^s and approx. 

55 7|is from Rg. 17. respectively. In the following description, -fair or "sink* does not mean so-called fall in tiie gravitational 
direction, but refers to the move toward an electrottiemial converting element Independentiy of tiie mounting direction 
of a head. 

[0096] Rist, when a bubble 1 01 is fonned In tiie liquid fiow patii 133B on the heater 931 wfth tiie current conduction 
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through the heater 931 acxjordlng to a record signal or the like as shown in Fig. 17, a bubble 101 rapidly expands the 
volume and grows for approx. 2 jis as shown in Rgs. 18 and 19. The height of the bubble 101 surpasses the ejection 
orifice face 935a at the time of maximum volume, but at this time the pressure of the bubble decreases at a fraction from 
one tenth to four tenths of the atmospheric pressure. 
5 [00971 Next, at the elapsed point of approx. 2 jis from the fomnation of a bubble 1 01 , the bubble 1 01 turns from the 
maximum volume to a decrease in volume, but almost simultaneously the fomriation of a meniscus 1 02 also begins. As 
shown In Rg. 20, this meniscus 1 02 retreats toward the side of the heater 931 , or is falling. 

[0098] Here, in this example, by provision of multiple grooves 1 141 dispersed in the ejection orifice, a capillary force 
acts In the direction Fq contrary to the meniscus retreat direction in the portion of grooves 1 141 . As a result, even if 
10 dispersion should be noticed more or less In the condition of a bubble 101 from any cause, the shape of a meniscus 
and a principal nquld droplet (hereinafter, referred to as liquid or ink In some cases) 1 a at the time of retreat is so cor- 
rected as to become nearly synimetric to the center of the ejection orifice. 

[0099] And. in this example, since the falling speed of this meniscus 1 02 Is faster than tiie contraction speed of the 
bubble 101, the bubble 101 oommunteates with the atmosphere near the tower face of the ejection orifice 832 at the 
15 elapsed time of approx. 4 \is from the formation of the bubble as shown In Fig. 21 . At this time, the fiquid (ink) near the 
central axis of the ejection orifice 832 is sinking to the heater 931 . This is because the liquid (ink) 1 a pulled back to the 
side of the heater 931 due to a negafjve pressure of the bubble 101 before the communication with the atmosphere 
retains a speed in the direction of the heater 931 under action of the inertia after tiie atmosphere communication of the 
bubble 101. 

20 [0100] The Bquid (ink) having sunk toward reaches the surface of the heater 931 at the elapsed time of approx. 5 
lis from the formation of the bubble 1 01 as shown In Rg. 22 and Is spreading so as to cover the surtiace of the heater 
931 as shown in Rg. 23. The liquid having spread over the surface of the heater 931 like this has a horizontal vector 
along the surface of the heater 931 , but a vector crossing the surface of ttie heater 931, e.g. a vertical vector, disap- 
pears, the spreading liquid tends to ren^n on the surface of the heater 931 and a liquid above It, l.e. a liquid retaining 

25 a velocity vector In the direction of ejection Is pulled downward. 

[0101] Thereafter, the liquid portion lb between the liquid spreading over the surface of the heater 931 and the 
upper fiquid (main liquid droplet) becomes thinner and is cut at the center of the surface of the heater 1 at the elapsed 
time of approx. 7 \iS from ttie formation of the bubble 1 0 as shown in Rg. 24 and Is separated Into the main fiquid droplet 
la retaining a velocity vector in ttie direction of ejection and the liquid 1c spreading over the surface of the heater 931 . 

30 Uke this, the position of separation Is preferable Inside the liquid flow path 1338 and well preferably to tine side of ttie 
etectrothemnal converting element 931 rather than at the ejection orifbe 632. 

[0102] The main liquid droplet 1 a has no deviation in the ejection direction, Is ejected from the center of the ejection 
orifice 832 without ejection twist and is shot out at a given position on the recorded surface of a recording medium. On 
the other hand, the liquid 1c spreading over the surface of the heater 931 flies formerfy In satellite droplets as the suc- 

35 ceeding, but remains on tine surface of the heater 931 and is not ejected. 

[0103] Since the ejection of satellite droplets can be suppressed like this, the splash that Is apt to occur with the 
ejection of a satellite droplet can be prevented and the recorded surface of a recording medium can be securely pre- 
vented from being stained with the nrilst floating In the foggy shape. In Rgs. 21 to 24, numerals Id and 1e denote ttie 
ink adhering to the groove part Onk in the groove) and the ink remaining in the liquid flow path, respectively, 

40 [0104] Like this, with ttie liquid ejection head of this example, the direction of tiie main droplet at the time of ejection 
can be stabilized by multiple grooves dispersed about the center of the ejartion orifice In ejecting a liquid at the stage 
of volume decrease subsequent to the growtti of a bubble to the maximum volume. As a result, the present Invention 
can provide a liquid ejectfon head free of a twist In the ejection direction and highly accurate In Ink shooting. Besides, 
the possibility of a stable ejection even for distributed bubbling at a high driving frequency enables a high speed and 

45 high precision printing to be actualized. 

[0105] Especially since the first ejection of a liquid by communicating a bubble with the atmosphere at the volume 
decreasing stage of this bubble can prevent the mist occurring In ejection of a liquid droplet on communfcation of ttie 
bubble wHh the atmosphere, the adherence of a liquid droplet to the ejection oriftee face can be also suppressed. 
[0106] Besides, as another embodiment of a recording head in the ejection scheme of communicating a bubble wltti 

so the atmosphere at the time of ejection, a so-called edge shooter type is referred to, for example, as described In Japa- 
nese Patent No. 2783647. 

[0107] Among the vyhole Ink-jet recording scheme, the present invention brings about an excellent effect especially 
in a recording head and a recording apparatus of the Ink-jet scheme using a thermal energy to form a flight liquid droplet 
and to fulfill the recording. 

ss [01 08] With respect to its representative configuration and principle, those of execution using a basic principle dis- 
closed, for example, in US Patent Nos. 4,723,129 and 4,740,796 specifications are preferable. This scheme is applica- 
ble to either of so-called on-demand type and continuous type, but Is effective especially In case of an on-demand type 
because applying at least one driving signal, con^ponding to a recording infomiation item and ghflng a rapid rise In 
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temperature above the film boiling, to the electrothemial converting element disposed corresponding to a sheet or liquid 
path in which a liquid (ink) is retained causes the eiectrothermat converting element to generate a thenmal energy so 
that the film boinng occurs on the heat acting surface of a recording head and consequently a bubble In a liquid (ink) 
one-to-one con-esponding to this driving signal can be formed. A liquid (ink) Is ejected via an ejection orifice by the 
5 growth and contraction of this bubble to tomn at least one droplet On making this driving signal into the shape of a 
pulse, the growth and contraction of a bubble proceeds immediately and pertinently, so that the e]ectk>n of a liquid (ink) 
excellent In response can be achieved and this shaping is well preferable. 

[0109] As this pulse-shaped driving signal, such is suitable as described In US Patent Nos. 4.463,359 and 
4,345.265 specifications. On adopting the conditions described In US Patent No. 4.313,124 specification related to an 

10 invention about the temperature rising ratio of the heat acting face, a stili better recording can be performed. 

[01101 As the configuration of a recording head, in addition to a combined configuration (straight line liquid flow path 
or rectangular liquid flow path) of an ejection orifice, a fiquid path and an electrothermal converting element as dis- 
eased in the above specifications, the configurations using US Patent Nos. 4,558,333 and 4.459,600 specifications 
whteh disclose a configuration that a heat acting part is disposed in a curved region are also included in the present 

15 Invention. 

[0111] In addition to this, the present Invention is effective also as the configurations based on Japanese Patent 
AppOcation Laid-Open No. 59-123670 whteh discloses a configuration of making a slit common to multiple electrother- 
mal converting elements Into the ejection part of electrottiemnal converting elements and on Japanese Patent Applica- 
tion Laid-open No. 59-138461 which discloses a configuration bringing the opening for absorbing a pressure wave of 

20 thermal energy into conespondence to the ejection part 

[0112] Furthermore, as a recording head of full-line type having the length corresponding to the width of a maxi- 
mum recording medium recordable of a recording apparatus, either of the configuration satisfying by a combination of 
multiple recording heads and the configuratton as a single recording head formed Integrally as disclosed In the above 
specifications may be available, but the present inventton enables the above-mentioned effect to be still more effectively 

25 displayed. 

[0113] Besides, also In case of using either an exchangeable recording head of chip type, whose mounting on ttie 
main apparatus body makes the electric connection to the main apparatus body and the supply of Ink from the main 
apparatus body possible, or a recording head of cartridge type, in which an inl^ tank is integrally provMed at the record- 
ing head itself, the present invention is effective. 

30 [0114] Besides, because of stabilizing the effect of the present invention still nrK>re. addition of recovering means for 
a recording hepd. spare auxinary means or the like provided as constituents of a recording apparatus according to the 
present invention is prefetabte. To be specific, capping means and cleaning means for a recording head, pressurizing 
or sucton means, spare heating means using an electrottiennal converting element or another heating element or a 
combination of these and also execution of a spare ejection method comprising performing an independent ejection of 

35 recording are effective. 

[0115] Furthenmore, not only a recording method of principal colors alone such as black but an integrally configured 
recording head or a combination of multiple recording heads may also be empk>yed, but the present invention is 
extremely effective also for an apparatus equipped with multiple cok>r ink of different cotors or at least one of full color 
ink made by color mixing. 

40 [0116] In the embodiments described heretofore of ttie present Invention, ink is described as a liquid, but Ink solid- 
ifying at and below room temperatures whteh softens or Ik^uiditles at room temperatures or Ink whteh becomes liquid at 
the time of gh/Ing a use record signal is allowable because It is general In the above ink-jet scheme to regulate Ink itself 
in temperature within a range of 30*C to 70*0 and control the viscosity of ink within a range of stable ejection. 
[0117] In addition, from the viewpoint of either positive prevention of a rise In temperature due to a thermal energy 

45 by its consumption as the energy for a state change from a solid to a liquid or use of Ink solidifying as left alone for the 
purpose of preventing the evaporation, Ink liquefying by adding a thermal energy In response to a recording signal to 
be ejected as liquid ink or Ink liquefying first under actten of a tiiermal energy as already beginning to solidify at the time 
of reaching a recording medium can be applied to the present Invention. In such a case, ink may take a shape of con- 
fronting an electrothermal converting element while retained as a liquid or solid in a recess or a through hole of a porous 

so sheet as described in Japanese Patent Application Lald-Open Nos. 54-56847 and 60-71260. In the present invention, 
It is most effective to the above ink to execute the above film boiling scheme. 

[0118] Still furttier, as shapes of recording apparatuses according to the present Invention, In addition to those pro- 
vided in one body or separately as the image output terminal of an infonnation processing implement such as word 
processor or computer, those In the shape of a copier combined with a reader and further a fticslmlle devtee having a 
55 receiving/transmitting function are also available. 

[0119] Next, the outiine of a liquid ejection apparatus with the above liquid ejection head loaded will be described. 
[0120] Fig. 25 is a schematte perspective view of an ink-jet recording apparatus 600 as one applicable example of 
liquid ejection apparatus w'ltti a Gquid ejection head according to the present invention mounted thereon. 
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[0121] In Fig. 25, an Ink-jet head cartridge 601 Is integrated of the above liquid ejection head and an \nk tank for 
retaining the ink supplied to this fiquid ejection head. This ink-jet head cartridge 601 is loaded on a carriage 607 
engaged with the spiral groove 606 of a lead screw 605 rotating via driving transmission gears 603 and 604 in interlock 
with the normal and reverse rotation of a driving motor 602 and Is moved reciprocal^ in the direction of the anwvheads 
5 a and b along the guide 608 by the motive force of the driving motor 602. A recording medium P is conveyed on a platen 
roller 609 by unillustrated recording medium conveying means and depressed to the platen roller 609 over the moving 
direction of the carriage 607 by a paper hold-down plate 61 0. 

[0122] Near one end of the lead screw 605. photo couplers 611 and 612 are located. These are home position rec- 
ognition means for recognizing the presence of a lever 607a of the canlage 607 in this area and switching the rotating 

10 direction of the driving motor 602. 

[0123J The support member 613 supports the cap member 614 for covering the front face (ejection orifice face) 
having an ejection orrfice of the above ink-jet head cartridge 601. Besides, the ink suction means 615 sucks the ink 
accumulated as a result of idle ejection from the ink-jet head cartridge 601 inside the cap member 614. By this ink suc- 
tion means 61 5, the suction recovery of the Ink-jet head cartridge 601 Is carried out via the in-cap opening (not shown), 

15 The cleaning blade 61 7 for wiping the ejection oriftoe face of the ink-jet head cartridge 601 is provided In such a manner 
as movable back and forth (perpendicular to the moving direction of the above canlage 607) by the moving member 
618. These cleaning blade 617 and moving member 61 B are supported by the main-body support 619. The cleaning 
blade 617 is not fimited to this shape, but other well-known cleaning blades nriay be available. 
[0124J In the suction recovery nfianipulation of a liquid ejection head, the lever 620 for starting the suction moves 

20 with the move of the cam 621 engaged with the carriage 607 and the driving force from the driving motor 602 is con- 
trolled by well-known transmission means such as clutch switching. The Ink-Jet recording control section for giving a sig- 
nal to a heat generating body provided at the liquid ejection head of the ink-Jet head cartridge 601 or managing the drive 
control of all individual mechanisms mentioned above is provided on the side of the main apparatus body and not 
shown here. 

25 [0125] The ink-jet recording apparatus 600 of the above configuration performs the recording to a recording 
medium P conveyed by not shown recording medium conveying on the platen roller 609 while reciprocally moved all 
over the width of recording medium P. 

[0126] As described above, according to the present inventton, there Is provided a color Ink-jet recording ink set 
capable of providing a high printing density and high grade image without bleeding or haze even if printing is carried out 
30 on 80-cailed plain paper with black ink and color ink at one and the same scan. Also tiiere are provided an ink-jet record- 
ing method using this and recording apparatus. Furthermore, according to the present Invention, an ink set of high rell- 
abllfty as tiie Ink-jet ink Is obtained even though a pigment ink is used for black Ink. ^ 

(Examples) 

35 

[0127] Next, referring to examples and comparative examples, the present invention will be described in further 
details. Hereinafter, part and % in the description Is represented by weight, unless otherwise stated. 

(Preparatton example of self-dlsperslble carison black) 

40 

[01 28] Rfst, the calionte self-dlsperslble carbon black to be used as ttie coloring material of black Ink was prepared 
as follows 

[0129] Into a solution of 3.08 g H3N*C6H4N^(CH3)3Cr • I'dissolved In 30 g water, 1 .69 g sliver nitrate is added with 
stirring. The generated precipitate is removed by filtration and the filtrate is added to a suspension of 1 0 g cart)on black. 
45 The cart)on black was of 230 m^/g in specific surface area and 70 ml/1 00 g In DBPA, and dispersed in 70 g water with 
stirring. Next, 2.25 g of concentrated hydrochloric acid was added and a solution of 0.83 g sodium nitrite dissolved In 
10 g water was added. Then, the diazonium salt having a NN^6^^4N^(CH3)3 group as shown below reacted with car- 
bon black to generate nitrogen gas. After bubbles of nitrogen gas settied. the dispersion was dried in an 120*0 oven. 
As a result, a product carbon black having C6H4N'^(CH3)3 groups on tiie surface was obtained. 

50 



15 



fc <EP 1088864A1 J.> 



r 

EP1 088 864A1 



(Example 1> 

5 [0130] Using the setf-disperBibie carbon black obtained above, the black ink having the following composition was 
prepared to make an ink set of Example 1 with the color inks of the following compositions. 



(1) Black Ink (cationic) 


• carbon black 


4 parts 


• ethylene glycol 


8 parts 


- triethylene glycol 


Sparts 


• 1,5-pentanedk)l 


6 parts 


• water 


77 parts 



(2) Yellow Ink (anionte) 


• C. 1. Acid Yellow 23 


3 parts 


• glycerol 


Sparts 


• hexytene glycol 


Sparts 


• urea 


7 parts 


« sodium t>enzoate 


Imparts 


• water 


78.5 parts 



35 



40 


(3) Magenta Ink (anionic) 




• C. 1. Add Red S2 


4 parts 




• 2-pyToIldone 


7 parts 


45 


• triethylene glycol monomethyl ether 


7 parts 




• urea 


7 parts 




• acetylenol EH (Trade Name: Kawaken Rne Chemical) 


1 part 




• sodium laurate 


2 parts 


SO 


• water 


72 parts 



55 
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(4) Cyan Ink (anionic) 


• C. 1. Direct Blue 199 


3 parts 


• dipropylene glycol 


8 parts 


• 1,2,6-hexanetilol 


7 parts 


• urea 


6 parts 


• ammonium benzoate 


2 parts 


• water 


74 parts 



(Example 2) 

[0131] Using the self-cfispersible carbon black obtained above, the black Ink having the following composition was 
prepared to make an ink set of Example 2 with the color Inks of the following.oompositions. 



25 



(1) Black Ink (cationic) 


• carbon black 


4 parts 


• ethylene glycol 


6 parts 


- trtethylene glycol 


5 parts 


• 1 ,5-pentanediol 


6 parts 


• water 


77 parts 



(2) Yellow Ink (anionic) 


r C. 1. Acid Yellow 23 


3 parts 


• glycerol 


5 parts 


• hexylene gtycol 


is parts 


• urea 


7 parts 


• sodium laurylsultete 


1 .5 parts 


- water 


76.5 parts 



(3) Magenta Ink (anionic) 


• C. 1. Acid Red 52 


4 parts 


• 2i5yrrolidone 


7 parts 


• triethylene glycol monpmethyl ether 


7 parts 
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(continued) 



(3) Magenta ink (anionic) 


• urea 


/parts 


• acetylenol EH (Trade Name: Kawaken Rne ChemicaO 


1 part 


* sodium benzenesutfonate 


2 parts 


• water 


72 parts 



(4) Cyan Inic (anionic) 


• C. 1. Direct Blue 199 


3 parts 


• dlpropyiene glycol 


8 parts 


• 1 ,2,6-hexanetriol 


7 parts 


• urea 


6 parts 


• sodium N-lauroylmethyltaurinate 


2 parts 


• water 


74 parts 



25 

(Example 3> 

[0132] Using the self-dispersible carbon black obtained above, the black ink having the following composition was 
30 prepared to make an ink set of Example 3 with the color inks of the following compositions. 



(1) Black Ink (cationic) 


• carbon black 


4 parts 


• ethylene glycol 


8 parts 


• triethylene glycol 


5 parts 


• 1,5-pentanedk>l 


6 parts 


* water 


77 parts 



45 





(2) Yellow ink (anionic) 


SO 


* C. 1. Acid Yellow 23 


3 parts 




• glycerol 


5 parts 




• diethylene glycol 


5 parts 


55 


• urea 


7 parts 


• acetylenol EH (Trade Name: Kawaken Rne Chemical) 


1 part 




• tri6odiumnaphthalene-1,3,6-trlsulfonate 


2 parts 
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(continued) 




(2) Yellow Ink (ahionrc) 


• water 


77 parts 



(3) Magenta Ink (anionte) 


• C. 1. Acid Red 52 


4 parts 


• 2-pyrrol!done 


7 parts 


• triethyiene glycol mononDethyl ether 


7 parts 


• urea 


7 parts 


• aoetylenol EH (Trade Name: Kawaken Rne Chemical) 


1 part 


• trl8odiumnaphthalene^1,3,6-trisutfonate 


2 parts 


• water 


72 parts 




(4) Cyan Ink (anionic) 


• C. 1. Direct Blue 199 


3 parts 


• propylene glycol 


8 parts 


• 1,2,6-hexanetrtol 


7 parts 


• urea 


6 parts 


• acetylenol EH (Trade Name: Kawaken Rne Chemical) 


1 part 


• disodium 1,5-naphthalene disulfonate 


2 parts 


• water 


. 73 parts 



40 (Comparative Example 1} 

[01331 Using the black ink used in Example 1 , the ink set of Comparative Example 1 was made with the color inks 
of the following compositions. 



(1) Black Ink (catipnic) 


• carbon black 


4 parts 


• etfiylene glycol 


8parts 


• triethyiene glycol 


5 parts 


• 1 .5-pentanediol 


6parts 


• water 


77 parts 
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(2) YeJIowr Ink 


• C.I. Acid Yellow 23 


3 parts 


• glycerol 


5 parts 


• diethylene glycol 


5 parts 


• urea 


7 parts 


• acetylenol EH (Trade Name: Kawaken Rne Chemical) 


1 part 


• water 


79 parts 



20 


(3) Magenta Ink (anionic) 




• C. 1. Add Red 52 


4 parts 




• 2-pyrrolldone 


/parts 


25 


• triethylene glycol monomethyl ether 


7 parts 


• urea 


7 parts 




• acetylenol EH (Trade Name: Kawaken Rne Chemical) 


1 part 




• water 


74 parts 



30 



35 





(4) Cyan Ink 




• C. I Direct Blue 199 


3 parts 




• propylene glycol 


8 parts 


40 


• 1,2,6-hexanetriol 


7parts 




• urea 


6 parts 




• acetylenol EH (Trade Name: Kawaken Rne Chemical) 


Ipart 


45 ■ 


• water 


75 parts 



(Evaluation) 

so [0134] The black ink common to the Ink sets of the examples 1 to 3 and Comparative Example 1 was charged Into 
an Ink cartridge BC-60 (a product of Canon) and the individual color inks into ink cartridges BC-62 (Canon). 
[0135] Next, these ink-jet cartridges made up as mentioned above were mounted on an ink-jet recording apparatus 
BJF-800 (Canon) whteh ejects Ink by applying themnal energy according to recording signals to carry out following eval- 
uation. Inddentally, the BJF-800 used in the evaluation had been modified so that black Ink and color Ink are appDed In 

55 the same one scan but the color Ink Is applied Immediately after the black Ink application to a region contiguous to the 
Uadc region. Thus obtained print was evaluated In accordance with the following criteria. The result Is shown in Table 1 . 
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(1 ) Bleeding between Black Ink and Color Ink ' 

[0136] In the above printing test, two kind of plain paper, Copying Paper PB PAPER (Canon) and 4024 PAPER 
(Xerox), were used. 

5 

(Evaluation method and criteria) 

[0137] Using each ink set and two kind of paper, a solid black image was printed and immediately after that, the 
solid yellow or magenta or cyan Image was printed to be contiguous. 

10 

A: No bleeding is visually recognized in all boundaries. 

B: Although slight bleeding is visually observed, no problem in practical use. 

C: Although a Tittle bleeding is visually observed, it is acceptable. 

D: Mariced bleeding Is visually observed. 

15 

Table 1 



Evaluated Result 


Example 1 


C 


Example 2 


B 


Examples ' 


A 


Comp. Ex. 1 


D 



[0138] As evident from the result of the above Table 1, any of Examples 1 to 3 according to the present invention 
showed an excellent result concerning bleeding. When the color Ink contains an anionte substance having a sulfo 
group, especially mariced effect is obtained In reducing the bleeding. 

30 

Claims 

1 . An Ink set for color Ink-jet recording comprising a black ink and a color ink, wherein the black ink comprises a cat- 
ionic setf-dlspersible caibon black, end the color ink comprises an anionic dye and an anionic substance. 

35 

2. The ink set according to dalm 1 , wherein the anionic substance has a caiboxyl group. 

3. The Ink set according to dalm 1, wherein the anionic substance has a sulfb group. 

40 4. The ink set according to daim 3, wherein the anionte substance has a plurality of sulfo groups. 

5. The ink set apcording to daim 1 , wherein the anionic substance contains an aromatic ring to which a sulfo group is 
bonded. 

45 6. The Ink set according to claim 6. wherein a plurality of sulfo groups are bonded to the aromatic ring. 

7. The ink set according to any one of daims 1 to 6, wherein the anionic dye is a dye having a sulfo group. 

8. An ink-jet recording method, comprising the steps of: 

so 

ejecting a black ink comprising a catlonic self-dispersible carbon black from an orifice In response to a record- 
. ing signal; and 

ejecting a color Ink comprising an anionte dye in response to a recording signal, 
wherein the color Ink further comprises an anionic substance. 

55 

9. The Ink-jet recording method according to claim 8, wherein each ejection step further comprises the step of apply- 
ing thermal energy to the Ink to eject it. 
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10. A recording unit, comprising: 

a first ink container containing a black ink comprising e cationic self^flsperaible carbon black; 
a second ink container containing a cok>r ink comprising an anionic dye and an anionic substance; and . 
5 a head for ejecting the black ink in the first container and the color ink in the second container. 

11 . The recording unit according to claim 1 0, wherein the head is provided with a heaterfor applying themnal energy to 
the Ink. 

10 12. An ink cartridge, comprising: 

a first ink container containing a black ink comprising a cationic self-disperslble carbon black; and 
a second Ink container containing a color Ink comprising an anionic dye and an anionic substance. 

15 13. An ink-jet recording apparatus, comprising: 

a first ink container containing a black ink comprising a cationic self-dispersible carbon black; 

a second Ink container containing a color ink comprising an anionic dye and an anionte 8ut>stance; and 

a head section for ejecting the black Ink and the color inK respectively. 

20 

1 4. The ink-jet recording apparatus according to claim 1 3, wherein the head section is provided with a heater for apply- 
ing thermal energy to the ink. 

15. The ink-Jet recording apparatus according to daim 1 3, further comprising ink supply means for respectively aupply- 
25 Ing the black Ink and the cok>r Ink contained In the first and second Ink containers to the head section. 

16. A method for alleviating bleeding In a boundary between a black image formed by an ink-jet method and a color 
image formed by an ink-jet method, wherein the black image is fonned with a black ink comprising a cationic self- 
dispersible carbon black and the color Image is formed with a color Ink comprising an anionic dye and an anionte 

30 substarm. 
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FIG. 1 




FIG. 2 




FIG. 3 
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FIG. 5 
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FIG. 8 
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